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A study on the polymerization of polyethylenedioxythiophene (PEDOT) and the carbonization process of a separator was
carred out in order to apply conductive polymer PEDOT to the winding typed aluminum condenser as a solid electrolyte
and a negative electrode. PEDOT was polymerized with ethylenedioxythiophene (EDOT) as a monomer and ferric-p-tolue-
nesulfonate as an oxidizing agent. The separator of condenser element was carbonized to control its fibrous tissue for
the purpose of making it easy to impregnate the PEDOT solution into the microporous etched pit of aluminum foil by
preventing separator from concentrating the PEDOT solution on itself. The characteristics of condenser such as capaci-
tance, dissipation factor, equivalent series resistance, and thermal resistance depended on a carbonization temperature and
a carbonization time. It was found that a thickness and a density of the used separator were major parameters of carbon-
ization process and the characteristics of condenser were affected by these parameters.

Keywords: polyethylenedioxythiophene, ethylenedioxythiophene, aluminum solid electrolyte condenser, carbonization tem-
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Table 1. Surface Resistance of PEDOT Pellet Based on the Conc-
entration of Oxidizing Agent (1 M EDOT basis)

Concentration of Oxidizing agent (M)

Surface resistance (<)

0.3 343
0.6 264
0.9 207
1.2 68
22 28
3.0 25
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Figure 1. Schematic showing of Al/AlL,O3/PEDOT-condenser.
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where, €, is a relative dielectric constance
A is a surface area of dielectriclayer
d is a thickness of dielectriclayer
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Figure 2. FT-IR spectra of PEDOT based on the concentration of
oxidizing agent (EDOT 1 mol basis).
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Figure 3. Photographs of carbonized separator based on carbon-
ization temperature and carbonization time.
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Figure 4. Initial characteristics of Al/ALO3;/PEDOT condenser
based on carbonization conditions.
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Table 2. Property Changes of Al/AL,O;/PEDOT Condenser treated with Accelerated Life Test based on the Carbonization Temperature and

Carbonization Time

Temperature Time Capacitance* Dissipation Factor ” (%) ESR”
() (min) (WF) (m&)
Oh 24h 240h Oh 24h 240h Oh 24h 240h
60 244 243 241 3.58 3.69 4.05 24 25 28
90 249 248 247 3.57 3.70 4.09 23 23 26
200 120 251 250 249 3.55 3.68 4.02 21 22 23
150 258 257 256 351 3.66 3.92 20 21 23
60 314 313 313 234 2.52 2.77 15 16 17
90 318 317 316 2.28 2.49 2.75 13 14 15
20 120 319 318 317 2.26 247 2.73 14 15 17
150 316 316 315 2.24 2.45 2.73 13 14 16
60 320 319 319 1.96 2.03 223 12 12 13
90 321 321 320 1.94 1.99 2.18 11 12 13
300 120 322 321 321 1.89 1.97 2.07 12 12 12
150 321 320 320 1.92 2.01 2.19 11 11 12

a and b were measured at 120 Hz.
¢ was measured at 100 kHz

Table 3. Property Changes of Al/ALLOs/PEDOT Condenser before and after Heat Treatment at 275 C for 3 min based on the Carbonization

Temperature and Carbonization Time

Temperature Time Capéz(;i;z;nce ' Dissipation Factor " (%) ESE;

©) (min) before after before after before after
60 243 135 3.55 8.23 26 28
90 249 148 3.58 8.38 23 26

200 120 252 152 3.56 7.87 22 23
150 257 160 3.53 7.94 21 23
60 314 252 2.32 4.03 15 17
90 317 265 2.29 3.88 14 15

20 120 319 275 2.28 3.81 14 17
150 317 278 2.25 3.79 13 16
60 320 308 1.95 2.02 12 13
90 322 310 1.94 1.98 11 12

300 120 322 311 1.90 2.01 11 12
150 321 303 1.91 2.17 11 13

a and b were measured at 120 Hz.
¢ was measured at 100 kHz
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(d) 0.50 g/em®

(e) 0.55 g/em’

(® 50 pm

on a density of 0.50 g/cms.

® 0.60 g/em’

Figure 6. SEM photographs of the surface of separator before (a~c) and after (d~f) carbonization based on a thickness of 40 pm.

Z7HHE Zlolth 300 TolHs BEpARRE J1Eom eix e,
UM B4 SRl 2 AolF ehiA ga A48 ol B
07%2] §HAAES Lheblon], 20 vlwe] AL} 11~ 12 mQ
o 53 FAA S BRIk BB 150 min A9
vt 2EA E4o] WolAt AL ek o 24 300 T, 60~
120 min 97k AH o) AAH WHEARS Sk

33, HYIK| =M ¥ UZ0f mE 2 SN

HAA] T 9 Ure] JFS 21sh] $l8ke] Uik 0.50 glem’e)
FAe AR AAAF FA 30, 40, 50 um .2, T 40 um2] FA
3 A AARZ UE 0.50, 0.55, 0.60 glem’E T-E-510] 300 Coll
A1 120 minZt ©3lste] ZUAE Asta 1 5498 sl w
3} ) 3] X FAM, U= dAxldn) 7 AR Figure 5, 691

J. Korean Ind. Eng. Chem., Vol. 17, No. 5, 2006



544 AT 37 - 5

Table 4. Electrical Properties of AI/ALOs/PEDOT Condenser over
the Thickness of Separator based on a Density of 0.50 g/cm3

loty

R R

Table 5. Electrical Properties of AI/AL,O;/PEDOT Condenser over
the Density of Separator based on a Thickness of 40 pm

) Capacitance Dissipation Factor ~ ESR ) Capacitance Dissipation Factor ~ ESR
Thlckness( of)Separator (uF) (%) (mQ) Den51ty( g(/)f Sziparator (uF) (%) (mQ)
m cm
" 120 Hz 1 kHz 120 Hz | kHz 100 kHz 120 Hz 1 kHz 120 Hz 1 kHz 100 kHz
30 327 324 1.62 4.5 9 0.50 321 316 1.89 5.8 11
40 321 316 1.89 5.8 11 0.55 319 312 2.03 6.2 12
50 315 305 2.45 7.7 14 0.60 313 306 2.74 7.3 14
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Figure 7. Impedance analysis of Al/AL,O;/PEDOT condenser.
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Figure 8. Surge voltage characteristics of Al/ALOs/PEDOT con-
denser applied 1.5 mA of constant current for 10 sec.
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Figure 9. Endurance results of Al/ALO;/PEDOT condenser applied to 10 V at 105 T for 2000 h.
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AT, AAX Y A, 7 5o AANS Sl dig 7| x=ATE
F A3 o 22 ARE ok

1) EDOT®f| t$t ferric-p-toluenesulfonate 2] H|-&0] 57}8<4= PE-

245k M17 3 w5 =, 2006

Rt

R R

flo

DOTY] AVHEE: S7I8Fem, 1 4 5T H&21:2~3

2) TgYo] AAX et HFHA| dar LFulgE uke] ujA| o3
FE U§2 F88] T3 9 FHE7] fste] npdetd F A4 A
AAZF 7 & AR digt Alof7) 5ol o= Axfe] digh
T2 X 5wl o) 7hesith

3) Bl vt 31, 'elAIzbe] AeE AAX] Ui oot 3
a1, o] F Ball o5 ol st ] TS} ol AT
Aow okmute] mA| o JE YFFH dAA], 58 JAA7}
2] 743 PEDOT 1A dafd Fo] A=t

4) B3 3A Y F TAUSTE b3} eEpa 7o, Baler
= 9300 T, &3 2k 90~120 min W7} HZH z7io|th

5) AR 2] FAVL gk, Wrt 2&4E dAlEulA 5do) &
A e 2AX7E 30 pm FE7A] gkobd 39 BH Alef] 7)
A, B84 AR Ao £4do] Lojur] Ha ol AF
weto ojojxint. wheba] AR ] Al 22 T 40 um, UE
0.50 g/cm3°] A sksic),
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